A b s t r a c t A floristic study was conducted over the period 2010-2012, using the Braun-Blanquet method, under which vegetation relevés were made in sugar beet (Beta vulgaris L. subsp. vulgaris) plantations in Lower Silesia. Fields with similar habitat conditions, which differed in the intensity of herbicide application to control weed infestation, were selected for observation. A total of 144 relevés were made and based on them a list was prepared of species found in fields in which different levels of chemical protection were used. A cover index and a constancy class were determined for each species found in the phytocoenoses studied.
INTRODUCTION
Due to its cultivation with wide row spacing and its low competitive ability, sugar beet belongs to plants very susceptible to weed infestation. Therefore, from the agricultural point of view, it is important to keep a sugar beet plantation free from weeds as long as possible [1]. For many years, weed control in sugar beet crops has been based on the application of herbicides as part of systemic treatments. They predominantly involve 3-4 treatments performed using foliar-active herbicides to control weeds at very early growth stages [2] [3] [4] . By taking advantage of the high sensitivity of young weeds, it is also possible to substantially reduce herbicide rates and to use properly selected herbicide mixtures at rates reduced by at least 50% [5] [6] [7] [8] .
The aim of the present study was to evaluate the effect of weed control systems used in sugar beet crops at different intensity levels on the floristic diversity of sugar beet agrophytocenoses in Lower Silesia.
MATERIALS AND METHODS
A floristic study was conducted over the period 2010-2012, using the Braun-Blanquet method, under which vegetation relevés were made in sugar beet (Beta vulgaris L. subsp. vulgaris) plantations in Lower Silesia. Fields with similar habitat conditions (black earths, agricultural land suitability classes 1 and 2), which differed in the intensity of herbicide application to control weed infestation, were selected for observation. In the evaluated fields, weed infestation was analyzed in control (herbicide-untreated) plots and herbicide-treated plots. In each plantation, herbicides were applied in 20 m 2 plots. Mixtures consisting of three herbicides and an adjuvant were used in the investigations. Each mixture always included herbicides that contained: (phenmedipham = 91 g/l + desmedipham = 71 g/l + ethofumesate = 112 g/l) and (triflusulfuronmethyl = 50%), and an adjuvant (ethoxylated isodecyl = 90%); they were supplemented by adding agents that contained (metamitron = 70%) or (lenacil = 80%).
The variation in the intensity of chemical protection resulted from the use of different levels of herbicides which were applied at three rates: the full rate (100%) and two reduced rates (by 50% and 67% relative to the full rate). In accordance with good plant protection practices, herbicide treatment was always performed four times. Weed control efficacy was not analyzed depending on herbicide used, but the study focused on the determination of the effect of the intensity of chemical protection (as expressed by herbicide rate) on communities occurring in sugar beet.
A total of 144 relevés were made and based on them a list was prepared of species found in the fields where different levels of chemical protection were used. On the basis of relevés obtained, constancy (C) and a cover index (CI) were determined for the observed species [9] .
One-way analysis of variance was used for statistical evaluation of the results. Due to large variation in the cover indices expressed in percent, for calculations these values were transformed using the following formula: y = arc sin x
RESULTS
Weed infestation in the sugar beet plantations evaluated was clearly dependent on the intensity of chemical protection. A total of 25 weed species were found to occur in the herbicide-untreated plots. The highest abundance was observed for Chenopodium album, which was a constant component of the phytocoenosis and the cover index for this species was 3908. Echinochloa crus-galli, Amaranthus retroflexus and Solanum nigrum were included in frequent species (constancy class IV). It should be added, however, that their cover indices were low and ranged from 10 to 51. Among medium frequent species, only two taxa were observed: Brassica napus ssp. napus and Polygonum lapathifolium ssp. lapathifolium, and they were characterized by a cover index of 756 and 300, respectively. Infrequent species (C=II) were represented by 5 taxa; their cover indices varied markedly and they were 1503 and 1547 for Polygonum persicaria and Setaria pumila, respectively, through 133 for Cirsium arvense, down to 10 for Galium aparine and Viola arvensis. 14 species characterized by a minimal cover index were included in rare components of the phytocoenoses. The overall weed infestation in the herbicide-untreated plots was very high. The sum of the cover indices was close to maximum -8705 (Table 1) .
The observations made in the herbicide-treated plots where the rate reduced by 67% was used revealed a decrease in the sum of the cover indices of all taxa to 5907. One constant component was found in the agrophytocenosis -Chenopodium album -and its cover index was 1365. There was also only one species in constancy class IV, which was Echinochloa crus-galli (CI=145). The next four taxa -Amaranthus retroflexus, Solanum nigrum, Polygonum lapathifolium ssp. lapathifolium and Setaria pumila -were included in medium frequent components (C=III). Their cover indices ranged between 191 and 1308. Another six species, i.e. Brassica napus ssp. napus, Polygonum persicaria, Galium aparine, Cirsium arvensis, Aethusa cynapium and Fallopia convolvulus, were classified in constancy class II. Their cover indices varied, ranging from 10 to 741. The remaining 8 taxa occurred sporadically, reaching minimal values of the cover index. 5 species observed in the unweeded plots were not found to occur in this treatment ( Table 1) .
The use of herbicides at a rate reduced by 50% caused a further decrease in weed infestation. The sum of the cover indices of the species found at these sites was 5212. A total of 18 taxa were found to occur in them. In this case, there was also only one species (Chenopodium album) in constancy class V and its cover index was 1026. Only one taxon was also distinguished among frequent components (C=IV) of the phytocoenosis. This was Echinochloa crus-galli, which was characterized by a low cover index (93).
The following belonged to medium frequent species (C=III): Amaranthus retroflexus, Polygonum lapathifolium ssp. lapathifolium and Setaria pumila, and their cover indices ranged between 275 and 1239. Solanum nigrum, Polygonum persicaria, Galium aparine, Cirsium arvensis, Aethusa cynapium and Fallopia convolvulus were classified in constancy class II. The cover indices of these species ranged from 50 to 500. The other 7 species occurred sporadically and had low cover indices (Table 1) .
18 weed species were found to occur in the herbicide-treated plots where the full herbicide rate (100%) was used. The level of weed infestation was distinctly lower compared to the sites where herbicides were used at lower rates, and the sum of the cover indices was 4356. Based on phytosociological analysis, only Chenopodium album could be included in constant species (constancy class V), whereas in frequent taxa (constancy class IV) only Echinochloa crus-galli; their cover indices were 679 and 32, respectively. In the evaluated plots, 3 species belonging to constancy class III were found, Amaranthus retroflexus, Solanum nigrum and Polygonum lapathifolium ssp. lapathifolium, and their cover indices ranged from 378 to 1440. Among other species, 6 taxa (Brassica napus ssp. napus, Polygonum persicaria, Setaria pumila, Galium aparine, Aethusa cynapium and Fallopia convolvulus) were classified as infrequent species (C=II) and they were characterized by a cover index in the range from 51 to 399. The remaining 7 taxa were observed sporadically (Table 1) .
Analyzing the results in statistical terms, it can be concluded that the total weed infestation in the herbicide-untreated plots was significantly higher than in the plots with chemical weed control. The situation varied greatly between individual species. Regardless of the rate applied, herbicide use caused a significant reduction in weed infestation with dominant species, which were Chenopodium album, Brassica napus ssp. napus, Polygonum persicaria and Setaria pumila. As a result of the elimination of these species, some taxa occurring in low abundance, such as Amaranthus retroflexus, Solanum nigrum, Polygonum lapathifolium ssp.
lapathifolium, Galium aparine and Fallopia convolvulus, when not influenced by the competitive effects of the dominants, replaced them and increased their cover indices (CI) at the herbicide-treated sites. However, it should be clearly stated that this increase, even though proven to be statistically significant, was low and not dangerous to the crop plant from the practical point of view. In the case of the other species, no significant differences were found in their abundance as affected by the intensity of herbicide application (Table 1) . 
DISCUSSION
The floristic analysis allows us to conclude that in the evaluated segetal communities without herbicide weed control, located in Lower Silesia, the following taxa occurred most frequently: Chenopodium album, Echinochloa crus-galli, Amaranthus retroflexus, Solanum nigrum, Brassica napus ssp. napus, and Polygonum lapathifolium ssp. Lapathifolium, reaching the three highest levels of constancy (Table 1) . Most of these taxa also pose a threat to sugar beet crops in other regions of the country. This is confirmed by the research conducted in Wielkopolska (Greater Poland) [10] , Opolszczyzna (Opole region) [11] , Mazowsze (Mazovia) [12] , Mazury (Masuria) [13] , and Podlasie [14] . Among the above-mentioned species, only Chenopodium album and Brassica napus ssp. napus reached significant (from the agricultural point of view) cover indices. As regards infrequent components of the phytocoenoses, Polygonum persicaria and Setaria pumila showed similar values.
Herbicide use had a significant effect on reducing the total weed infestation in the sugar beet plantations, compared to the unweeded plots. With increasing herbicide rate, the total ground cover by weeds decreased and their condition was poorer. Based on their research on sugar beet crops, W e s o o w s k i [15] as well as D e v e i k y t e and S e i b u t i s [16] came to similar conclusions.
In the case of some weed species, their cover indices were observed to increase in the chemically weeded plots compared to the herbicide-untreated sites. This particularly applied to Polygonum lapathifolium ssp. lapathifolium, Fallopia convolvulus and Amaranthus retroflexus, while to a lesser extent also to Solanum nigrum, Galium aparine and Polygonum aviculare. This was attributable to two factors. Firstly, due to the action of herbicides there was a significant reduction in the occurrence of the dominant species with very high competitive strength, notably Chenopodium album. Secondly, the chemical agents used were not fully effective in relation to the above-mentioned species and they could occupy a part of the released ecological niche. Such phenomena of mutual competition and interspecific interactions between the components of segetal communities have been the object of research and have been confirmed in the studies of W e i n e r [17] , W e i g e l t and J o l l i f f e [18] , V i l et al. [19] , and O k s a n e n a et al. [20] . Moreover, according to some authors, a single species occurring in high abundance exerts a greater negative effect on a cultivated plant than a multi-species community without clearly dominant species [21] [22] [23] .
It is worth noting that several warmth-loving species were observed in the evaluated communities. Apart from the frequent components of the phytocoenoses, such as Echinochloa crus-galli, Amaranthus retroflexus or Solanum nigrum, these were also Aethusa cynapium and Abutilon theophrasti. The occurrence of the latter species in the sugar beet plantations is particularly worth noting. The first information concerning the appearance of this taxon in Poland can be found in the paper by R o s t a f i s k i and S o w a [24] in which this species is reported (after other researchers) to occur in Wielopolska, Opole region, Kraków, ód and Siemianowice l skie. However, this information relates to ruderal sites, among others urbanized areas, railway tracks, and the surroundings of warehouses. In crop fields, A. theophrasti was first detected 13 years ago [25] . Since that time, it has been continually expanding its range, and though it occurs sporadically and reaches minimal cover indices, but it should be presumed that in the future it will become a frequent component of phytocoenoses, similarly as it happened in other countries [26] [27] [28] [29] [30] [31] .
To sum up, it can be stated that with increasing intensity of herbicide application a reduction in total weed infestation was observed (the sum of the cover indices declined). Furthermore, some species in the herbicide-treated plots reached higher cover indices than in the unweeded plots, since the competitive pressure of the dominant species in the community decreased and also not all herbicides used had a full effect on these species.
CONCLUSIONS
1. The level of weed infestation in the sugar beet plantations was dependent on the intensity of chemical protection in these plantations. 2. Increasing herbicide rates caused a decrease in total ground cover by weeds. 3 . Herbicides, regardless of the rate used, caused a significant reduction in weed infestation by dominant species. 4 . Some taxa occurring in low abundance, when not influenced by the competitive effects of the dominants, increased their cover indices, but this increase was slight and did not pose a threat to the crop plant from the practical point of view.
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